USER- AND ECO-FRIENDLY HYPERVALENT IODINE REAGENT AND METHOD 



OF SYNTHESIS 

Cross-Reference to Related Applications 

This application claims benefit of U.S. Provisional Application Serial No. 60/400,320, 
filed July 31, 2002. 
Background of Invention 
[0001] The present invention relates generally to hypervalent iodine reagents and, more 

specifically, to a user- and eco-friendly hypervalent iodine reagent, mlBX, and the synthesis 
thereof. 

[0002] Hypervalent iodine reagents, due to their low toxicity and ready availability, have 

attracted considerable attention recently as mild and selective oxidizing agents. Of the various 
hypervalent iodine reagents known, Dess-Martin periodinane (DMP), and o-iodoxybenzoic acid 
(IBX) are the most commonly used. Despite the nontoxic nature of these compounds and their 
ease of preparation, these reagents have certain drawbacks. Both reagents are potentially 
explosive, and thus cannot be stocked in large quantities. In addition to this drawback, oxidation 
of alcohols using DMP is carried out in environmentally unsafe chlorinated solvents and 
reactions employing IBX are often limited in dimethyl sulfoxide (DMSO) due to the reagent's 
insolubility in other common organic solvents. While oxidation reactions using both DMP and 
IBX tolerate the presence of moisture in the reaction medium, the presence of large amounts of 
water, when used as a solvent or co-solvent, is detrimental to the outcome of the oxidation 
reactions using these reagents. This is due to the fact that the mechanisms of oxidation with both 
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the oxidizing agents involve reactive intermediates formed in an equilibrium step that is 
disfavored with increasing concentrations of water. 

[0003] A series of papers from Nicolau Laboratories have recently identified several new 

oxidative transformations, including a selective oxidation of benzylic carbons using IBX. These 
reactions were carried out in either DMSO or fluorobenzene/DMSO mixtures. Single electron 
transfer (SET) reaction pathways have been proposed for these synthetic technologies. A 
significant aspect of the new oxidative transformations is that the presence of water does not 
affect the outcome of these reactions. Due to the ever-growing demand for eco-conscious 
chemical processes, there is a need for a water-soluble derivative of IBX that can behave as a 
green-oxidant capable of oxidizing alcohols in water. The present invention provides such a 
derivative, as well as a method of synthesizing the same via a SET mechanism similar to the 
synthesis of a water-soluble derivative of IBX, referred to herein as modified IBX (mlBX), and 
oxidation of the allylic and benzylic alcohols using mlBX in water and other eco-friendly 
solvents. 
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Summary of Invention 

[0005] The present invention relates to a user- and eco-friendly hypervalent iodine reagent 

capable of selectively oxidizing allylic and benzylic alcohols in water and other eco-friendly 
solvents, and the synthesis thereof. The oxidation protocol using this chemoselective reagent is 
operationally simple, providing good to excellent yields of carbonyl compounds. 

[0006] The modified iodoxybenzoic acid (mlBX) of the present invention offers several 

advantages over the current use of o-iodoxybenzoic acid. For instance, oxidation reactions using 
mlBX can be performed in aqueous media as opposed to organic solvents, thereby making mlBX 
attractive for large-scale industrial oxidation reactions by allylic and benzylic alcohols. The 
present invention therefore overcomes the limitations of waste management of the organic 
solvents used when iodoxybenzoic acid is used for these oxidation reactions. Surprisingly, 
mlBX exhibits unexpected selectivity for the oxidation of allylic and benzylic alcohols. 
Iodoxybenzoic acid, on the other hand, oxidizes all primary and secondary alcohols in organic 
solvents only, and does not exhibit the unique selectivity exhibited by mlBX for allylic and 
benzylic alcohols. Furthermore, the separation of the reduced form of mlBX from the aqueous 
reaction medium is facilitated by precipitation of the reduced form, thereby making the isolation 
of the desired oxidation product as well as recovery of the reduced form of mlBX easy. More 
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importantly, the easily recovered reduced form of mlBX can be recycled to the original form 
oxidizing agent, making the overall process very cost effective in multiple steps. 
Brief Description of Drawings 
[0007] FIG. 1 illustrates a chemical pathway detailing the synthesis of mlBX from 3- 

nitrophthalic acid. 

[0008] FIG. 2 illustrates the results of oxidation of various allylic and benzylic alcohols using 

mlBX. 

[0009] FIG. 3. Illustrates a mechanism of oxidation of benzylic/allylic alcohols in water using 

mlBX. 

Detailed Description 

[0010] The synthesis of mlBX is readily accomplished from commercially available 3- 

nitrophthalic acid as follows: esterification of 3-nitrophthalic acid via the corresponding acid 
chloride to give nitrodiester (100%), which upon catalytic hydrogenation provides the 
aminodiester (100%). Diazotization is then performed, followed by iodination of the 
aminodiester to provide dimethly 3-iodophthalate in about 91% yield. This is followed by 
saponification, then acidification of dimethyl 3-iodophthalate to give 3-iodophthalic acid in 
about 93% yield. 3-iodophthalic acid is then oxidized to form the water-soluble mlBX. This 
process is carried out using KBr0 3 in 0.73 H 2 S0 4 at 55-60°C as follows: KBr0 3 (5 g, 30 mmol) is 
added in portions to a suspension of 3-iodophthalic acid (5 g, 17.1 mmol) in 70 mL of 0.73 M 
H2SO4 over a period of 20 minutes; The mixture is then maintained at 55-60°C for 12 hours and 
the resulting clear orange solution is evaporated to yield an off-white solid, which is triturated 
with 30mL of water at 0°C for 2 hours and filtered to obtain a white solid. This is further 
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triturated with hexane (100 mL) for 6 hours and filtered to give mlBX (3.9g, 71 %) as a white 
solid with a melting point of 258-260°C. The approximately 70% yield for the conversion of 3- 
iodophthalic acid to mlBX is the isolated yield of mlBX, with the actual conversion near 
quantitative as evident from monitoring the oxidation of 3-iodophthalic acid to mlBX by *H 
NMR spectroscopy. Water-soluble mlBX is isolated as an analytically pure white solid. The 
synthesis of mlBX from 3-nitrophthalic acid is illustrated in FIG. 1. 

[0011] The physical properties of mlBX are as follows: mp 258-260°C; IR (KBr), 3503 3469, 

3050, 1708, 1631, 1588, 1369, 730, 700 cm" 1 ; ] H NMR (D 2 0), 300 MHz): 5 8.35 (dd, 7=7.9, 1.0 
Hz, 1H), 8.09 (t, J=1.9 Hz, 1H), 7.94 (dd, .7=7,9, 1.0 Hz, 1H); ,3 C NMR (D 2 0, 75 MHz): 5 
125.5, 127.5, 132.5, 134.7, 137.0, 147.1 (ring carbons), 168.9, 172.9 (carbonyl carbons). 

[0012] The mlBX compound of the present invention is useful as a green-oxidant, as indicated 

by monitoring the oxidation of benzyl alcohol, 2-hexanol, 2-phenylethanol, and cyclohexanol 
using ] H NRM and using D 2 0 as the solvent. The selective oxidation of allylic and benzylic 
alcohols from this short list of substrates reflects an unexpected property of the present 
invention. The limitations of the new reagent in terms of its selectivity and compatibility with 
other functional groups was established by studying the oxidation of a series of allylic and 
benzylic alcohols. The results are summarized in FIG. 2. Tetrahydrofuran (THF) was used as co- 
solvent when necessary without impeding the effectiveness of the reagent. 

[0013] As evident from FIG. 2, mlBX efficiently oxidizes a variety of allylic and benzylic 

alcohols and tolerates the presence of a series of functional groups during the oxidation. Over- 
oxidation products are not observed, even when electron rich substituents are present on the ring 
(FIG. 2, entry 7). Monitoring the progress of the oxidation of 1,2-benzenedimethanol (FIG. 2, 
entry 8) indicated that the presence of the electron withdrawing formyl group (formed in the 
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course of the oxidation) did not adversely affect the rate or the yield of the final dialdehyde 
product. Oxidation of the same substrate using IBX in DMSO gives the corresponding lactol as 
the product, clearly delineating the difference in the mechanism of oxidation using the two 
structurally analogous reagents in two different solvents. Presence of electron withdrawing 
groups also does not affect the rate or the yield of the final product (FIG. 2, entries 5 and 9). 
Oxidation of vicinal diols occurs without accompanied oxidative cleavage (FIG. 2, entries 10 and 
11). Oxidation of 1 -phenyl- 1 ,2-ethanediol (FIG. 2, entry 11) gives 55-60% isolated yield of 2- 
hydroxyacetophenone indicating the unexpected selectivity of mlBX towards benzylic OH 
groups. This particular oxidation carried out with a 1 : 1 substrate to mlBX ratio also gives 20- 
25% yield of benzoylformic acid, an apparent over-oxidation product. The selectivity of mlBX / 
towards benzylic OH groups is also noted in the oxidation of non- vicinal diol (FIG. 2, entry 12) 
to the corresponding benzaldehyde. 
[0014] A proposed mechanism for the oxidation of ally lie and benzylic alcohols is illustrated in 

FIG. 3. The salient features of this mechanism include the a-H abstraction from benzyl alcohol 
by mlBX to give mlBX radical and a benzylic radical. A subsequent SET from the benzylic 
radical to mlBX radical generates the carbocation, which then gives benzaldehyde. An 
important aspect of this oxidation protocol is the nearly complete insolubility of the reduced 
form of mlBX in water, which allows for easy removal of the spent reagent by filtration. The 

■ 'r 

work-up of oxidation reactions carried out in water using mlBX thus involves only filtration and 
a subsequent removal of the solvent. An easy re-oxidation of the reduced form of mlBX to 
mlBX, using KBr0 3 makes the procedure cost-effective as well. 
[0015] @>§i It is understood that the description and examples above are exemplary in nature and are 
not intended to be limiting. Changes and modifications to the present invention may be apparent 
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to one skilled in the art upon reading this disclosure, and such changes and modifications may 
made without departing from the spirit and scope of the present invention. 
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